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AB The 2-iminothiolane reaction with protein amino groups adds a 

spacer arm ending with a thiol group, which can be further treated with 
mols. carrying a maleimido ring. This approach is currently used for the 
preparation of a candidate 'blood substitute' in which human Hb ( 
Hb) is conjugated with long chains of PEG [poly (ethylene 

glycol)] . To identify the thiolation sites by MS, we have carried out the 
reaction using deoxyHb bound to inositol hexaphosphate to protect some of 
the residues crucial for function and NEM (N-ethylmaleimide) to block and 
stabilize the thiol groups prior to enzymic digestion by trypsin and 
pepsin. Under the conditions for the attachment of 5-8 PEG chains per 
tetramer, the thiolated residues were Lys7, Lysll, Lysl6, Lys56 and Lysl39 
and, with lower accessibility, Lys90, Lys99 and Lys60 of the a-chain 
and Lys8, Lysl7, Lys59, Lys61 and Lys66 and, with lower accessibility, 
Lys65, Lys95 and Lysl44 of the p-chain. The a-amino groups of 
a- and p- chains were not modified and the reaction of the 
CysP93 residues with NEM was minor or absent. After the modification 
with thiolane and NEM of up to five to eight lysine residues per tetramer, 
the products retained a large proportion of the properties of native Hb, 
such as low oxygen affinity, cooperativity , effect of the modulators and 
stability to autoxidn. Under identical anaerobic conditions, the 
conjugation of the thiolated Hb tetramer with five or six chains 
of the maleimido derivative of 6 kDa PEG yielded products with 
diminished cooperativity, Hill coefficient h = 1.3-1.5, still retaining a 
significant proportion of the effects of the modulators of oxygen affinity 
and stability to autoxidn. Co-operativity was apparently independent of 
the topol. distribution of the PEGylated sites as obtained by treating 
partly the thiolated protein with NEM prior to PEGylation [poly (ethylene 
glycol) ation] . 
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AB The present invention provides PEGylated Hbs and PEGylated albumins 
comprising polyethylene glycol (PEG) conjugated to Hb or to albumin, 
wherein the PEG is a maleimide PEG, an alkylamide PEG, an iodoacetamide 
PEG, a p-nitrothiophenyl PEG, a vinyl sulfone PEG, or a mixed disulfide 
PEG. The PEGylated albumins and PEGylated Hbs comprise polyethylene 
glycol (PEG) attached to a thiolated amino group of albumin or Hb, wherein 
the amino group is thiolated using dithiosulf osuccinimidyl propionate 
(DTSSP) or dithiosuccinimidyl propionate (DTSP) or 

dithiobispropionimidate . The invention also provides methods of preparing 
PEGylated Hbs and PEGylated albumins comprising (a) reacting Hb or albumin 
with a thiolating agent and with a PEGylating agent, and (b) capping 
unPEGylated reactive thiols of Hb or albumin with N-ethylmaleimide . The 
invention further provides compns . and blood substitutes comprising 
PEGylated Hbs and PEGylated albumins. 
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Enhanced molecular volume of conservatively Pegylated 
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AB Recent studies have suggested that the "pressor effect" of acellular 
Hb is a consequence of perturbation of ' the macro- and 
microcirculatory system in multiple ways, and that PEGylation is 
an effective approach for controlling the same. In an attempt to confirm 
this concept, a new and simple thiolation mediated, maleimide chemical -based 
conservative PEGylation protocol has been developed to conjugate 
multiple copies of PEG-chains to Hb. This approach 
combines the high reactivity of maleimides towards thiols with the 
propensity of iminothiolane to derivatize the e-amino 

groups of proteins into reactive thiol groups, with conservation of their 
pos. charge. One of the PEGylated products, namely (SP- 
PEG5K) 6 -HbA, that carries on an average six copies of PEG5000 
chains per Hb, is non- hypertensive in hamster top load and in 
rat 50% exchange transfusion models. This hexa-PEGylated- 
Hb has (i) a hydro-dynamic volume corresponding to that of an 
oligomerized Hb of 256 kDa, (ii) a mol . radius of .apprx.6.8 nm, 
(iii) high oxygen affinity, <iv) lowered Bohr effect, and (v) increased 
viscosity and colloidal osmotic pressure. These properties of (SP- 
PEG5K) 6 -HbA are consistent with the emerging new paradigms for the 
design of Hb based oxygen carriers and confirm the concept that 
the "pressor effect" of Hb is a multifactorial event. The 
thiolation mediated maleimide chemical -based PEGylation protocol 
described here for the generation of ( SP-PEG5K) 6 -Hb is 

simple, highly efficient, and is carried out under oxy conditions. The 
results demonstrate that a non -hypertensive PEG-Hb can 
be generated by conjugation of a lower number of PEG chains than 
previously reported. 
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AB The present invention provides a Hb mol . having at least 
PEG chains, wherein 2 of the PEG chains are bound to 
Cys-93 (ss) of Hb, and the remaining PEG chains are 
bound to thiol groups introduced on e-NH2 of Hb. The 
present invention also provides a process for preparing a modified Hb 
mol. comprising the steps of: (a) reacting Hb with 8-15 fold 
excess of iminothiolane to form thiolated Hb; and (b) 
reacting the thiolated Hb with 16-30 fold excess of PEG 
functionalized with a maleimide moiety, to form the modified Hb. 
The oxygen affinity of PEG-Hb conjugates was determined 
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The present invention relates to blood products, and more particularly to 
compns. comprising a modified oxygenated Hb having a high affinity for 
oxygen and methods for making such compns . Such compns . according to the 
present invention have better stability to autoxidn. and superior oxygen 
carrying characteristics. 
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LANGUAGE: English 
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AB BACKGROUND: Vasoconstriction has been an. obstacle to clinical development 
of Hb-based O.sub.2 carriers. It is proposed that this limitation can be 
overcome by increasing molecular size and oxygen affinity. STUDY DESIGN 
AND METHODS: Surf ace -modified Hb (MP4) was designed, whose properties are 
consistent with the theory that cell -free Hb engages autoregulatory 
vasoconstrictive responses to Hb diffusion in the plasma space 
("facilitated diffusion"). Human Hb was modified by reaction first with 
2-iminothiolane to add sulfhydryl groups and then with 

monofunctional maleimide-activated 5-kDa PEG. RESULTS: MP4 was found to 

have a molecular weight of 90 kDa, a molecular radius increased relative 

to native Hb (9.3 ± 1.4 vs. 3.2 nm) , high oxygen affinity 

(P. sub. 5 . sub. 0 .apprx. 5-6 mmHg) , and a Bohr effect approximately half 

that of native human Hb ( -0 . 24Alogp . sub . 5 . sub . 0/ApH) . At 4.2 

g per dL in Ringer's lactate, its viscosity was 2.5 cP, and its oncotic 

pressure was 50 mmHg. The t . sub. 5 . sub . 0 of . sup . 1 . sup . 4C-MP4 in rats was 

approximately .24 hours. No significant elevation in mean arterial 

pressure was observed. CONCLUSION: MP4 appears to be free of a pressor 

effect, a major limitation to the development of a safe and effective RBC 

substitutes in the past. 



